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   lutein and zeaxanthin 

  phytochemicals  caroteniods 

 antioxidants       

    Age-related macular degeneration (AMD) 

   lutein and zeaxanthin 

    

  

 

 

 lutein and zeaxanthin  

/   

 

  21  47   170  

 lutein  zeaxanthin  carotenoids 

 (High Performance Liquid Chromatography : HPLC) 

  YMC TM Carotenoids  5.0 m  (4.6 mm x 250 mm)   

carotenoids    -cryptoxanthin,   -carotene  lycopene    lutein 

  122   71.76  zeaxanthin  

lutein  65   38.24  -carotene  103 

  60.59  carotenoids  164  

 96.47  lycopene   

  

  10   lutein  66.17 ± 26.4 g/100g  

 117.73 ± 4.27 g/100g   lutein  6 

        

 10  20    lutein  26.04 ± 6.76 g/100g  

 31.02 ± 1.11 g/100g     

lutein   20    lutein 

   lutein  22.91 ± 8.25 g/100g   lutein 

     



  zeaxanthin    lutein   

10  zeaxanthin   24.93 ± 49.86 g/100g   

    

 10  20    zeaxanthin  27.29 ± 26.43 

g/100g    57.80 ± 11.24 g/100g   

   

 lutein  zeaxanthin      

(   )     (  ) 

   (   )  

  -carotene  10  

  -carotene   739.73 ± 1123 g/100g   

2,411.74 ± 64.8 g/100g       

   total carotenoids    

 carotenoids   4,222.90 ± 1,891 g/100g     

 10  20    -carotene  

 809.10 ± 202 g/100g       

    carotenoids    

total carotenoids       

   20   -carotene  total carotenoids 

  

   lutein  zeaxanthin 

 lutein  zeaxanthin      

        

        

  lutein  zeaxanthin  

 

   lutein  zeaxanthin 

  Age-

related macular degeneration (AMD)   phytochemicals  -

carotene  lycopene     

 

 
 



 

 Lutein  zeaxanthin  carotenoids 

 Age-related macular degeneration (AMD)  

 lutein  zeaxanthin  carotenoids isomers 

 170   21  47   0.1% BHT in MeOH 

 (High Performance Liquid Chromatography : 

HPLC)   YMC TM Carotenoids  (250 mm × 4.6 mm i.d., 5 m)  

UV detector   476 nm   lutein   

122   71.76  zeaxanthin  lutein 

 65   38.24  -carotene  103  

 60.59  total carotenoids  164   96.47 

   10  

 lutein  66.17 ± 26.4 g/100g   117.73 ± 4.27 g/100g 

 lutein  6    (20.65 ± 

5.30 g/100g)  (14.46 ± 5.20 - 19.44± 8.64 g/100g)   (14.45 ± 3.44 g/100g) 

 (14.03 ± 0.49 g/100g)  (13.17 ± 2.98 g/100g)  

 10  20    lutein  26.04 ± 6.76 

g/100g     lutein  

 20    lutein  

 lutein  22.91 ± 8.25 g/100g   lutein    4  

(    )  2  ( ) 

 zeaxanthin  10  zeaxanthin  

 24.93 ± 49.86 g/100g   (18.02 ± 8.59 g/100g)   

(13.99 ± 5.98 g/100g)   (10.39 ± 10.15 g/100g)  (10.34± 0.11 

g/100g)   (9.50 ± 2.76 g/100g)   10 

 20    zeaxanthin  27.29 ± 26.43 g/100g  

   (20.89 ± 13.59 g/100g)  (17.20 ± 0.17 g/100g) 

 (16.40 ± 2.54 g/100g)  (11.39 ± 0.83 g/100g)  (10.68 ± 6.37 g/100g) 

 (4.85 ± 5.64 g/100g)  (4.82 ± 5.63 g/100g)  

 lutein  zeaxanthin     

 (   )     (



 )    (   ) 

 lutein  zeaxanthin  

 -carotene  10   

 -carotene   739.73 ± 1123 g/100g     

    total carotenoids  

  carotenoids   4,222.90 ± 1,891 g/100g    

  10  20    

 -carotene  total carotenoids     

     lycopene 

   lutein 

 zeaxanthin  lutein  zeaxanthin 

  

 Age-related macular degeneration (AMD)  

 

 : , , , , 



 
ABSTRACT 

 Lutein and zeaxanthin, in group of carotenoid compounds, play an important role in 

protecting against age-related macular degeneration (AMD), rising an evidence in the 

elderly. Thus this study was aimed at determining lutein and zeaxanthin as well as others 

carotenoid isomers in 170 different Thai fruits selected from 21 kinds and 47 varieties. 

Fruit sample was homogenized, then extracted with 0.1% BHT in MeOH and the obtained 

carotenoids were analyzed by using high performance liquid chromatography connecting 

with YMCTM carotenoid column (250 mm x 4.6 mm i.d., 5.0 μm), monitored by using UV 

detector  at 476 nm. The results showed that lutein was predominately found in Thai fruits 

about 122 samples or 71.76% of total samples, while zeaxanthin was rarely found about 65 

samples or 38.24 % of total samples. -carotene was also found in 103 samples or 60.59% 

and total carotenoids was mostly found in Thai fruits about 164 samples or 96.47% of total 

samples. When fruit samples were classified according to its sugar content, in group of 

sugar less than 10%, Tangthai contained the highest lutein with an average of 66.17 ± 26.4 

μg/100g and the highest value was 117.73 ± 4.27 μg/100g.  Among all fruit samples, 

Tangthai also provided the highest lutein and was found in all six collected samples. Also 

lutein was found high in roseapple (Phed), watermelon (Torpedoe and Kinaree), guava 

(Kimju), mango (Pramkaymea) and pamelo (Kaonumpueng), respectively. In group of 

sugar between 10-20%, banana (Namwa) contained the highest lutein with an average of 

26.04 ± 6.76 μg/100g and other banana varieties following with sapote (Lamod) were also a 

source of lutein. In group of sugar more than 20%, all jackfruit samples contained lutein 

and Sritong variety had the highest lutein, containing an average of 22.91 ± 8.25 μg/100g. 

Samples with no containing of lutein were ripe mangoes and sweet tamarinds. For 

determination of zeaxanthin, mango (Munkunsri),  in group of sugar less than 10% had the 

highest content with an average of 24.93 ± 49.86 μg/100g, following with papaya 

(Kekdum), mango (Keowsavoy), pamelo (Kaonumpueng), mango (Pramkaymea) and 

pamelo (Tongdee), respectively. In group of sugar between 10-20%, Maprang showed the 

highest zeaxanthin, containing an average of 27.29 ± 26.43 μg/100g. Zeaxanthin was also 

found high in Mayongchid, mango (keowyai), different varieties of orange, pineapples and 

starfruit, respectively. Moreover, source of both lutein and zeaxanthin were Tangthai, 

pamelo, roseapple, raw mangoes, Maprang, Mafueng, oranges, sapote, purple passionfruit 

and pineapples. For determination of -carotene, watermelon (torpedoe) in group of sugar 



less than 10% had the highest content with an average of 739.73 ± 1123 μg/100g.   -

carotene was also found high in Tangthai melon, papaya (Kekdum), purple passionfruit  

and papaya (Holland), respectively. For total carotenoids, purple passionfruit showed the 

highest content with an average of 4,222.90 ± 1,891μg/100g, following with papaya 

(Holland) and papaya (Kekdum). In group of sugar between 10-20%, the highest content of 

both -carotene and total carotenoids was belonged to mango (Keowyai), following with 

mango (Namdokmai), pineapple (Pukhet), mango (Keowsavoy) and Maprang, respectively. 

In conclusion, Thai fruits of different varieties are important source of lutein and 

zeaxanthin, which should be consumed sufficiently to promote eye health. Thus, healthy 

choice of the fruits with less sugar content and high in those compounds should be 

recommended.  

 

Keywords : Thai fruits, lutein,  zeaxanthin, carotenoids, Age-Related Macular Degeneration (AMD) 
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1.  

   lutein and zeaxanthin 

  phytochemicals  

caroteniods  antioxidants    

      Age-related macular 

degeneration (AMD)   lutein and zeaxanthin 

  lutein and zeaxanthin 

    

 

 lutein and zeaxanthin  macula 

  free radicals   

Age-related macular degeneration (AMD)  

 lutein 

 

 lutein and zeaxanthin  

  lutein and zeaxanthin  

 

   

  

 

   

   

 lutein and zeaxanthin 
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2.  

   (  60 ) 

  

  

    60   10% 

 65   7%   (Aging 

Society)    

10   2548   2550   7.0  

 10.7  (65.7 )  

  15.3  2563 

    2551   

  44.0   57.7  

   

 40.4  
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 4      

  3-4  

  

 5   

 1   2 

  1   1  
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4.   lutein  zeaxanthin   

 Lutein (3,3 - dihydroxy- -carotene)  zeaxanthin (3,3 - dihydroxy- -carotene)  

isomer    xanthophylls  carotenoids 

    

    (retina)  

(zeaxanthin)  macula lutea   long 

chromophore of conjugated double bonds (polyene chain)  

(lipophilic molecule)    oxidative degradation 

   Lutein     fatty-acid 

esters   carotenoids  

  lutein  zeaxanthin  carotenoids   beta-carotene, 

alpha-carotene  beta-cryptoxanthin  provitamin A  

retinol (an active form of vitamin A)   

  lutein  macula 

 (retina)  (blue light)  oxidative stress 

  high-energy photons  

   lutein  phytochemical  antioxidants 

 lutein 
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 Age-related 

Macular Degeneration (AMD)  

 Lutein  

  

   lutein (lutein-fortified foods) 

 Lutein  6–10  

  Seddon et al. (1994)  Lutein  

6    AMD  43%  Lutein 

      

     

 

5.   (Age-related macular degeneration : AMD)   

 Lutein  zeaxanthin  caroteniods  macular pigments 

 macula    retina   5   

   

   (Cornea)  (Lens)  (Retina) 

  

 (Optic nerve)   

     ,    

 macula  

     

  

      (

 1  2) 



 

 

5 
 

 

 1   

 

 2    

   

 65  

   

  

    

   

    

  (degenerative or pathologic myopia)  

   (aging Process) 

   

 (age- related macula degeneration)   

-   :  50     

-   :   
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   2   

    -     /  :  (Caucasian)  

60  

    -    :   

 

-   :   cholesterol   

 carotenoid   

 (Wet AMD) 

-   :  estrogen  

  

 

6.   zeaxanthin 

 6.1 Proxidant activity of lutein and its dimyristate esters in corn triaylglyceride :   

(lutein)   

 prooxidation   lipid oxidation    

(purified corn triacylglyceride)    fatty acid esterification  

 lipid oxidation   marigold 

flowers   myristic acid ester 2  di-

myristatic and monomyristic acid  40   10   

 free lutein  peroxide   

 peroxide   lutein dimyristate  lipid 

oxidation   lipid oxidation   10 g/g (Subagio, A. and 

Morita, N.; 2003) 

 6.2  Losso et al. ( 2005)  Lutein (3,3 - dihydroxy- -carotene)  zeaxanthin (3,3 - 

dihydroxy- -carotene)  carotenoids  (macular)  

100 ng   lycopene  -carotene  ocular tissues   lutein 

 Age-related Macular Degeneration (AMD) 

   

 (salad dressing) 
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  phosphatidylglycerol  

AMD  Losso et al. ( 2005)  

salad dressing (lutein-enriched oil in water emulsion)  15-25% corn oil, 1.5-3.5 % 

whey protein isolates, 0.025 -0.031% lutein  0.03-0.3% phosphatidylglycerol   pH  3.8-

4.8  homogenizer   9  

random centroid optimization   

 20% corn oil, 2.0 % whey protein isolates, 0.0282% lutein and 2.0% phosphatidylglycerol   pH 

4.55  emulsion  90   

5   4   24 .  

 lutein  HPLC  lutein degraded products  

 phosphatidylglycerol   phosphatidylcholine   

 6.3  Masetto, A. et al. (2001)  zeaxanthin  Flavobacterium sp. 

(ATCC 21588)  U.S. FDA  (carotenoids)

   

zeaxanthin  carotenoids     marigold flowers 

     

    zeaxanthin   Flavobacterium 

sp.  

  zeaxanthin   Flavobacterium sp   

       

(agitation speed)   aeration rate 

 zeaxanthin   corn 

steep liquor  amino acids  

  zeaxanthin  fermentor  4 L   agitation speed 600 

rpm, aeration rate 2 vvm, 4.6% corn steep liquor  Flavobacterium sp 

 zeaxanthin  86%  total carotenoids 

 agitation speed   corn steep liquor  aeration rate 
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7.   lutein and zeaxanthin   

 7.1  Soomerburg et al. (1998)  lutein and zeaxanthin  

  

 33   2    carotinoids 

 isomers  high performance liquid chromatography (HPLC) with idode array 

detector   (54%mole of lutein and 35%mole of zeaxanthin)  

(60%mole of lutein and 25%mole of zeaxanthin)  lutein and zeaxanthin   

  (54%mole of lutein)  (53%mole of lutein)  (35%mole 

of lutein),  (35%mole of lutein),  (22%mole of lutein)  (20%mole of lutein)  

 (18%mole of lutein)    lutein and zeaxanthin 

  

lutein and zeaxanthin   antioxidants 

 free radicals   Age-related macular degeneration 

(AMD) 

 7.2  Breithauqt, D.E. and Bamedi, A. (2001)   carotenoids  

antioxidants      Age-related macular degeneration (AMD) 

 (cataracts)   ( -carotene)  lycopene 

  carotenoids  natural carotenoid esters  

-cryptoxanthin esters  provitamin A carotenoids (retinol)  64  

  carotenoid esters  lutein 

dimyristate equivalents ( g/100g)  high performance liquid chromatography (HPLC) with 

idode array detector   xanthophyll esters   diesters, 

lutein, crytoxanthin, violaxanthin  zeaxanthin     

natural carotenoid esters    

 red sharp chilli (17.1 mg/100g)  orange pepper (9.2 mg/100g), 

red pepper (6.8 mg/100g)  yellow pepper (2.1 mg/100g)    natural carotenoid esters 

 (2.4 mg/100g)   (1.7 mg/100g)    

 0.5-1.5 mg/100g       0.5 

mg/100g      lycopene   

  -carotene   
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 7.3   http://www.eyeassociates.com/ranking_of_foods_containing_lute.htm  

 Lutein and Zeaxanthin    

Vegetable/Fruit  
(100 grams or 1/2 

cup) 

Lutein and Zeaxanthin 
(Micrograms) 

Vegetable/Fruit  
(100 grams or 1/2 cup) 

Lutein and Zeaxanthin 
(Micrograms) 

Kale  21,900  Pepper, Yellow 770 
Collard Greens  16,300  Green Beans  740  
Spinach, cooked & 
drained  

12,600   Pepper, Green  700  

Cress Leaf, raw 12,500 Asparagus, raw 640 
Swiss Chard, raw  11,000 Cucumber Pickle  510  
Chicory Leaf, raw  10,300 Green Olives  510  
Parsley  10,200 Avocado, raw 320 
Spinach, raw   10,200 Carrots, cooked or raw  260 
Mustard Greens  9,900  Plum, raw  240 
Beet Greens 7,700 Tomato Paste, canned  190 
Okra 6,800 Peach, dried  188 
Pepper, Red 6,800 Kiwi Fruit, raw  180 
Dill  6,700 Prune, dried   120 
Romaine Lettuce 5,700 Pear, raw 110 
Endive 4,000 Tomatoes, raw  100  
Celery  3,600 Apple, raw 45 
Scallions  2,100 Squash, winter, cooked  38 
Leeks  1,900 Peach, canned, drained   28 
Broccoli, cooked  1,800 Cabbage, red, raw 26 
Leaf Lettuce  1,800  Tangerine 20 
Green Peas  1,700  Onion, yellow, raw 16 
Pumpkin  1,500  Nectarine 15 
Iceburg Lettuce  1,400  Orange  14 
Brussel Sprouts  1,300  Watermelon, raw 14 

Summer Squash  1,200  
Apricot, canned, 
drained 

2 

Corn  790  Turnip, raw 1 
 

 

 7.4   Murillo, E. et al. (2010)  lutein and zeaxanthin 

  74    (South Afmerica sapote)
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 lutein  (2.2 g/g)      

carotenoids (Britton and Khachik, 2009) :  0.5-2.0 mg/100g  5-20 g/g 

  2 mg/100g  20 g/g   sastra  lemon 

mangosteen  lutein  (36.8 g/g)   (yellow mombin) 

(8.6 g/g)    lutein  5 g/g  red guava 

(1.2 g/g) mango (0.6 g/g) papaya (0.2 g/g) orange (2.0 g/g)   zeaxanthin 

 (South America sapote) (46.2 g/g)  (2.1 g/g)  

 

8.   (Isolation)  (Purification)  lutein and zeaxanthin 

  high performance liquid chromatography  

 Lutein  Zeaxanthin  

   (endosperm) 

  85%   (Whole 

ground corn)    (Cheryan 2001 , Moros 

 2002  Muralidhara 1997)   

 (interfere)  

    Membrane technology 

  UF  Ultrafiltration  NF  Nanofilltration 

  Membrane 

 Xanthophylls  (Eliza  2007)  

Robert  2005 (1)  Lutein  Zeaxanthin 

   (Corn gluten)  (Solvent extraction)  

(Separation)  (thin layer chromatography)   

(Identified)  (Purification)  Rf value    

 (Color reaction)  

(AgNO3)   UV-spectrum  , RP-HPLC   LC/MS 

     High-Speed Counter-

Current Chromatography (HSCCC)  
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 High Performance Liquid Chromatography 

 

 
 

 High-Speed Counter-Current Chromatography (HSCCC) 

  

 HSCCC  1980  Yoichiro   (the 

National Institute of Health Bethesda, MD)   gravitational  centrifugal  

 mobile phase    

 (crude extract)  (sweet corn)   (all-E)-lutein  

(all-E) –zeaxanthin  90-93  %  

     characterized   1 H NMR  , LC/APcL-MS  UV-vis spectroscopy 

(Robert  2005) (2) 

Aruna  2009, Corey  2005   Lutein  Zeaxanthin  

( Corn gluten)   Supercritical  CO2    Supercritical Fluid Extraction SFE  

 (pigment)   (fatty acid)   

 MgO Column Chromatography  
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  (High Performance Liquid 

Chromatography) ,  (UV-visible)  

 

   

 
 

 

  Supercritical Fluid Extraction SFE 

 

    (Supercritical 

fluid)  (Critical point) 

   

  

  

 SFE     

 

   SFE 

  

   

Lutein   Zeaxanthin   SFE    

  

  

Yao, Huiyuan  (2007)   (Corn protein) 

    180-250 NPU/g protein  
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 2,500-3,500 rpm   

  Nanofilter   membrane  polyethersulfone  

 (% yield)   lutein  Zeaxanthin  0.35 -0.65   0.5-0.7  

  100-150   

  

   Lutein  Zeaxanthin 

   

  

  HPLC –RP   C30 reversed phase 

column (YMC)  (Stationary phase)    (Alisa  2009)   
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 1.  Lutein  zeaxanthin  isomers  

  high performance liquid chromatographer (HPLC) 

 2.  Lutein  zeaxanthin   

   

 3. 

 

 

   

 

1.   

   21   47   /

   170   Codex Recommendation 

Methods of Sampling for the Determination of Pesticide Residues.. CAC/GL 33-1999 

 1   

 

2.  

   

  

     500  

 3-4   -20    

 

 1   

 /   /  

1. ,       

  . ( )   

     

    

        . 
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   ,      

12.     ,   
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  ,   
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  21. ,    

    

    . 

         

    

     . 

    

  .   

 

 

3.  (Howe and Tanumihardjo, 2006) 

 3.1  1    4 

   200 

  homogenize  Ultra-Turrax 

 3.2  5.00xx    4MgCO3 Mg(OH)2. 5H2O  0.05 

    0.5 ml 0.1% BHT in MeOH  0.5 ml  10% KOH   3  

 3.3  5.00xx    4MgCO3 Mg(OH)2. 5H2O  0.05 

  0.5 ml  0.1% BHT in MeOH   1 ml  10% KOH 

 mix working solution   0.5 ml    1     % Recovery  

 3.4  hexane : ethanol : acetone ( 40 : 40 : 20 )  5 ml  

 5    vortex mixer   

 4   20  

 3.5  petroleum ether  3 ml  7    Vortex mixer  1  

  1 ml 
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  0.2% phenolphthalein  5 

  

 3.6    35 

 

 3.7  2   1)  0.5 mL  0.1 g 

 0.01% BHT in MeOH  0.05 mL triethylamine  acetonitrile : methanol : 

0.05 M ammonium acetate  75 : 20 : 5  ml  2) 0.5 mL   1- butanol : 

acetonitrile  30:70  

 3.8  syringe filter  PTFE  vial    2 ml 

 HPLC 

 

4.  carotenoids  5   

   Lutein  5 mg, Zeaxanthin 5 mg , - cryptoxanthin 1 mg, - 

carotene 10 mg  Lycopene 5 mg     Extrasynthese    

  stock solution : Lutein,  Zeaxanthin, - cryptoxanthin, - carotene  Lycopene 

 500 , 500 , 100, 1,000  500     

 3.7  volumetric flask  (amber bottles)  -20   

 12   0.01% BHT in MeOH   antioxidant 

 

  working solution :  carotenoids   1  

  25   3.7  (

0.01% BHT in MeOH   antioxidant ) 

     10   

 6  

 

5.   HPLC (Lin and Chen, 2003) 

 (High Performance Liquid Chromatography : HPLC)  

Agilent HP 1200  

-  UV detector  476 nm  

-  ( Auto injector)    10    
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-  : YMC TM Carotenoid column    (250 mm × 4.6 mm i.d.) with a particle size 

of 5 m (YMC, Wilmington, MA, USA)  25  

-  (injection volume)  5   

-  (mobile phase)  A:   1- butanol : acetonitrile (30:70)   B : 

Dichloromethane   A  B      % A:% B (99:1)   

 20  % B  4 %   50  % B  10 %   55   B  1 %  

 (running time)   55     

-  (flow rate) 1    

- Retention time  chromatograms   : Lutein                    

6.725 min, Zeaxanthin  8.179 min, -cryptoxanthin   11.466 min, Tran- -   15.866 min 

Lycopene 27.540 min. 

 Chromatograms  20 /   

 

6.  (% recovery) 

  5  Lutein, Zeaxanthin, -cryptoxanthin, Tran- -    

Lycopene  20 , 20, 4, 40  20    

  

  % recovery  

 

% recovery = (Concentration of std. spiked sample) – (Concentration of original sample) x100 

                               Concentration added 

 

   

7.  

 Lutein, Zeaxanthin, -cryptoxanthin, Tran- -

 Lycopene  total carotenoids , 

, -  

 

 

 



20 

 

 

 

1.  

  HPLC chromatograms  5  

  1, 2  -  3 

 5   % recovery 

 caroteniods  lutein (1) zeaxanthin (2) -cryptoxanthin (3)  -carotene (4)  lycopene (5) 

  80% (  1) 

 

 

                                                                

          
 

 

  1   carotenoids 5  lutein (1) zeaxanthin (2) -

cryptoxanthin (3)  -carotene (4)  lycopene (5)  20 , 20, 4, 40  20 

  : (A)  Y  0-120 mAu  (B)  Y  0-

10 mAu. 

 

 

 

(A) 

(B) 
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 2   Carotenoids 5   

(  3 )  lutein 7.01 (1)  zeaxanthin  13.64  (2) -cryptoxanthin 

50.92 (3)  -carotene 427.08 (4)  lycopene  1,134 (5)  100   

 

2.  lutein, zeaxanthin  caroteniods  /  

  21   47   170  

/    lutein, 

zeaxanthin, -cryptoxanthin, -carotene  lycopene  

 

 lutein  zeaxanthin  

 Age-related macular degeneration (AMD)   

  lutein, zeaxanthin, -cryptoxanthin, -carotene  

lycopene  total carotenoids   (total sugars) 

  3  (   2549,  

 , 2554)   

 1)  10 :       

   

 2)  10  20 :      

     

 3)  20 :   

  2 - 21  lutein, zeaxanthin, -cryptoxanthin, -carotene, lycopene  

total carotenoids   (170 ) /

   lutein      



24
 

   

 
 1

0 

 

 2
  

 lu
tei

n,
 ze

ax
an

th
in

 
 ca

ro
ten

io
ds

 
 

 
 (

g/
10

0g
) 

 
/

 
Lu

te
in

 
Ze

ax
an

th
in

 
-c

ry
pt

ox
an

th
in

 
-c

ar
ot

en
e 

Ly
co

pe
ne

 
To

ta
l c

ar
ot

en
oi

ds
 

 
 

14
.7

3 
± 

2.
90

 
11

.3
3 

± 
0.

58
 

0.
00

 
0.

00
 

0.
00

 
25

.8
4 

± 
3.

79
 

 
 

. (
) 

10
.9

4 
± 

1.
15

 
10

.0
3 

± 
0.

41
 

1.
21

 ±
 0

.0
0 

0.
00

 
0.

00
 

22
.1

9 
± 

1.
56

 

 
  

9.
01

 ±
 0

.5
4 

9.
22

 ±
 0

.1
3 

1.
21

 ±
 1

.1
5 

0.
00

 
0.

00
 

19
.4

4 
± 

0.
67

 

 
 

12
.0

4 
± 

0.
58

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
12

.0
4 

± 
0.

58
 

 
 

 
 

 
 

 
 

 
 

17
.6

5 
± 

2.
34

 
9.

05
 ±

 0
.0

9 
0.

44
 ±

 0
.6

6 
0.

00
 

0.
00

 
27

.1
1 

± 
2.

22
 

 
 

 
28

.5
9 

± 
4.

56
 

0.
00

 
0.

00
 

11
.3

1 
± 

2.
81

 
0.

00
 

39
.9

0 
± 

7.
37

 

 
 

18
.1

3 
± 

3.
68

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
18

.1
3 

± 
3.

68
 

 
 

18
.2

2 
± 

5.
35

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
18

.2
2 

± 
5.

35
 

    



25
 

 

 3
 

 lu
tei

n,
 ze

ax
an

th
in

 
 ca

ro
ten

io
ds

 
 

  (
g/

10
0g

) 

 
/

 
Lu

te
in

 
Ze

ax
an

th
in

 
-c

ry
pt

ox
an

th
in

 
-c

ar
ot

en
e 

Ly
co

pe
ne

 
To

ta
l c

ar
ot

en
oi

ds
 

 
 

. 
12

.0
9 

± 
1.

10
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

12
.0

9 
± 

1.
10

 

 
 

21
.8

0 
± 

0.
59

 
0.

00
 

0.
00

 
2,

41
1.

74
 ±

 6
4.

8 
0.

00
 

2,
43

3.
55

 ±
 6

5.
4 

 
 

 
13

.2
1 

± 
0.

74
 

0.
00

 
0.

00
 

21
0.

22
 ±

 2
8.

9 
0.

00
 

22
3.

43
 ±

 2
9.

7 

 
 

30
.6

5 
± 

0.
03

 
0.

00
 

0.
00

 
33

6.
97

 ±
 6

7.
6 

0.
00

 
36

7.
61

 ±
 6

7.
6 

 
 

22
.0

5 
± 

0.
30

 
0.

00
 

0.
00

 
60

.5
0 

± 
20

.8
1 

0.
00

 
82

.5
4 

± 
21

.1
1 

 
 

12
.4

8 
± 

0.
83

 
0.

00
 

0.
00

 
60

.7
6 

± 
3.

29
 

0.
00

 
73

.2
4 

± 
2.

46
 

 
 

13
.0

4 
± 

0.
16

 
0.

00
 

0.
00

 
19

4.
55

 ±
 0

.2
2 

0.
00

 
20

7.
59

 ±
 0

.0
6 

 
 

10
.2

6 
± 

0.
05

 
0.

00
 

0.
00

 
11

1.
70

 ±
 2

.5
1 

0.
00

 
12

1.
96

 ±
 3

.0
0 

 

 4
  

 lu
tei

n,
 ze

ax
an

th
in

 
 ca

ro
ten

io
ds

 
 

 
  (

g/
10

0g
) 

 
/

 
Lu

te
in

 
Ze

ax
an

th
in

 
-c

ry
pt

ox
an

th
in

 
-c

ar
ot

en
e 

Ly
co

pe
ne

 
To

ta
l c

ar
ot

en
oi

ds
 

 
 

46
.7

4 
± 

1.
67

 
14

.8
1 

± 
0.

94
 

0.
00

 
1,

26
7.

49
 ±

25
7 

0.
00

 
1,

32
9.

04
 ±

 2
57

 

 
 

11
7.

73
 ±

 4
.2

7 
20

.9
9 

± 
0.

07
 

0.
00

 
1,

40
1.

35
 ±

11
0 

0.
00

 
1,

54
0.

07
 ±

 1
14

 

 
 

66
.7

0 
± 

2.
47

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
66

.7
0 

± 
2.

47
 

 
 

63
.5

3 
± 

5.
81

 
17

.8
4 

± 
1.

98
 

0.
00

 
44

.7
0 

± 
6.

84
 

0.
00

 
12

6.
07

 ±
 1

0.
7 

 
 

50
.9

5 
± 

0.
28

 
0.

00
 

0.
00

 
12

2.
78

 ±
 9

.4
8 

0.
00

 
17

3.
73

 ±
 9

.1
9 

 
 

51
.3

6 
± 

4.
10

 
0.

00
 

0.
00

 
26

.4
6 

± 
0.

10
 

0.
00

 
77

.8
2 

± 
4.

19
 



26
 

    

 5
 

 lu
tei

n,
 ze

ax
an

th
in

 
 ca

ro
ten

io
ds

 
 

  (
g/

10
0g

) 

 
/

 
Lu

te
in

 
Ze

ax
an

th
in

 
-c

ry
pt

ox
an

th
in

 
-c

ar
ot

en
e 

Ly
co

pe
ne

 
To

ta
l c

ar
ot

en
oi

ds
 

/
 

 
13

.3
9 

± 
0.

76
 

8.
52

 ±
 0

.0
0 

1.
21

 ±
 0

.0
0 

0.
00

 
0.

00
 

23
.1

2 
± 

0.
76

 

 
 

7.
83

 ±
 0

.1
6 

0.
00

 
0.

00
 

7.
00

 ±
0.

00
  

0.
00

 
14

.8
3 

± 
0.

16
 

 
 

 
10

.6
7 

± 
0.

09
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

10
.6

7 
± 

0.
09

 

 
 

17
.3

4 
± 

0.
89

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
17

.3
4 

± 
0.

89
 

 
 

 
 

 
 

 
 

 
 

12
.4

0 
± 

0.
92

 
0.

00
 

1.
21

 ±
 0

.0
0 

0.
00

 
0.

00
 

13
.6

2 
± 

0.
92

 

 
 

17
.4

0 
± 

6.
53

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
17

.4
0 

± 
6.

53
 

 
 

17
.3

4 
± 

0.
89

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
17

.3
4 

± 
0.

89
 

 
 

10
.6

7 
± 

0.
09

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
10

.6
7 

± 
0.

09
 

     



27
 

 

 6
  

 lu
tei

n,
 ze

ax
an

th
in

 
 ca

ro
ten

io
ds

 
 

 
  (

g/
10

0g
) 

 
/

 
Lu

te
in

 
Ze

ax
an

th
in

 
-c

ry
pt

ox
an

th
in

 
-c

ar
ot

en
e 

Ly
co

pe
ne

 
To

ta
l c

ar
ot

en
oi

ds
 

 
 (

) 
8.

89
 ±

 0
.0

4 
24

.2
4 

± 
3.

53
 

6.
28

 ±
 0

.4
2 

31
7.

19
 ±

 3
5.

2 
0.

00
 

35
6.

60
 ±

 3
9.

0 

 
 (

) 
16

.7
7 

± 
0.

77
 

12
.1

2 
± 

0.
42

 
0.

00
 

91
.6

1 
± 

8.
58

 
0.

00
 

12
0.

49
 ±

 9
.6

9 

 
 

9.
05

 ±
 0

.0
9 

10
.4

3 
± 

0.
28

 
0.

00
 

18
.4

3 
± 

2.
39

 
0.

00
 

37
.9

1 
 ±

 2
.5

8 

 
 

15
.3

7 
± 

0.
63

 
9.

35
 ±

 0
.0

5 
0.

00
 

0.
00

 
0.

00
 

24
.7

2 
± 

0.
68

 

 
 (

) 
0.

00
 

13
.7

9 
± 

1.
37

  
0.

00
 

14
1.

10
 ±

 1
.7

2 
0.

00
 

15
4.

89
 ±

 3
.1

0 
 

 
 

 
 

 
 

 
 

 

(
) 

11
.8

2 
± 

1.
85

 
0.

00
 

0.
00

 
15

.4
2 

± 
2.

76
 

0.
00

 
27

.2
4 

± 
4.

61
 

 
 

8.
57

 ±
 0

.0
4 

0.
00

 
0.

00
 

15
.1

0 
± 

0.
50

 
0.

00
 

23
.6

7 
± 

0.
55

 

 
 

8.
34

 ±
 0

.0
4 

0.
00

 
0.

00
 

10
.1

5 
± 

0.
04

 
0.

00
 

18
.5

0 
± 

0.
04

 

 
 

15
.1

9 
± 

0.
48

 
99

.7
2 

± 
2.

96
 

0.
00

 
0.

00
 

0.
00

 
11

4.
91

 ±
 2

.4
8 

 
 

 
 

 
 

 
 

 
 

8.
28

 ±
 0

.3
3 

0.
00

 
0.

00
 

16
.1

2 
± 

1.
88

 
0.

00
 

24
.3

9 
± 

2.
21

 

 
 

7.
93

 ±
 0

.1
2 

0.
00

 
0.

00
 

16
.2

2 
± 

1.
28

 
0.

00
 

24
.1

5 
± 

1.
41

 

 
 

8.
20

 ±
 0

.3
7 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

8.
20

 ±
 0

.3
7 

 
 

8.
11

 ±
 0

.2
2 

0.
00

 
0.

00
 

17
.2

7 
± 

4.
16

 
0.

00
 

25
.3

7 
± 

4.
38

 
 

 
 

 
 

 
 

 
 

 
14

.0
3 

± 
0.

49
 

10
.3

4 
± 

0.
11

 
0.

00
 

19
.4

7 
± 

4.
55

 
0.

00
 

43
.8

4 
± 

4.
93

 

 



28
 

 

 7
 

 lu
tei

n,
 ze

ax
an

th
in

 
 ca

ro
ten

io
ds

 
 

  (
g/

10
0g

) 

 
/

 
Lu

te
in

 
Ze

ax
an

th
in

 
-c

ry
pt

ox
an

th
in

 
-c

ar
ot

en
e 

Ly
co

pe
ne

 
To

ta
l c

ar
ot

en
oi

ds
 

 
 

13
.8

3 
± 

0.
21

 
33

.1
4 

± 
1.

13
 

0.
00

 
38

0.
64

 ±
 3

7.
4 

38
0.

64
 ±

 3
7.

4 
80

8.
26

 ±
 7

5.
5 

 
 

9.
66

 ±
 0

.2
1 

12
.8

7 
± 

1.
02

 
39

.1
5 

± 
3.

19
 

33
2.

00
 ±

 8
.2

2 
1,

42
2.

91
 ±

 2
58

 
1,

81
6.

59
 ±

 2
66

 

 
 

 
0.

00
 

14
.8

1 
± 

1.
26

 
43

.4
6 

± 
5.

07
 

1,
11

0.
37

 ±
 4

1.
5 

87
3.

07
 ±

 1
49

 
2,

04
1.

71
 ±

13
2 

 
 

. 
0.

00
 

12
.8

0 
 ±

 0
.6

4 
30

.6
6 

± 
4.

60
 

55
.2

2 
± 

23
.4

 
0.

00
 

98
.6

8 
± 

28
.6

 

 
 

9.
68

 ±
 0

.1
0 

16
.4

6 
± 

0.
20

 
27

.0
7 

± 
0.

63
 

46
.2

8 
± 

5.
76

 
32

4.
05

 ±
 8

.3
9 

42
3.

54
 ±

 1
4.

7 

 
 

 
 

 
 

 
 

 
(

) 
0.

00
 

0.
00

 
54

.7
9 

± 
6.

00
 

48
3.

66
 ±

 6
6.

0 
0.

00
 

53
8.

45
 ±

 7
1.

3 

 
(

) 
0.

00
 

0.
00

 
24

.9
1 

± 
4.

56
 

17
4.

44
 ±

 4
3.

6 
0.

00
 

19
9.

34
 ±

 4
8.

2 

 
(

) 
0.

00
 

0.
00

 
31

.9
4 

± 
1.

29
 

40
9.

12
 ±

 4
.3

5 
10

98
.5

3 
± 

4.
36

 
1,

53
9.

58
 ±

 1
.2

9 

 
 

. 
0.

00
 

11
.9

9 
± 

0.
30

 
37

.6
6 

± 
1.

47
 

11
5.

64
 ±

 3
.5

3 
2,

70
7.

12
 ±

 2
58

 
2,

87
2.

40
 ±

 2
63

 

 
 

4.
35

 ±
 7

.5
3 

17
.2

1 
± 

8.
26

 
18

.9
7 

± 
16

.4
7 

65
.2

0 
± 

4.
58

 
2,

37
4.

52
 ±

 1
91

 
2,

48
0.

25
 ±

 1
96

 

 

 8
 

 lu
tei

n,
 ze

ax
an

th
in

 
 ca

ro
ten

io
ds

 
 

 
  (

g/
10

0g
) 

 
/

 
Lu

te
in

 
Ze

ax
an

th
in

 
-

cr
yp

to
xa

nt
hi

n 

-c
ar

ot
en

e 
Ly

co
pe

ne
 

To
ta

l c
ar

ot
en

oi
ds

 

 
  

8.
27

 ±
 0

.4
4 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

8.
27

 ±
 0

.4
4 

 
 

8.
90

 ±
 0

.4
8 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

8.
90

 ±
 0

.4
8 



29
 

 

 9
 

 lu
tei

n,
 ze

ax
an

th
in

 
 ca

ro
ten

io
ds

 
 

 
 (

g/
10

0g
) 

 
/

 
Lu

te
in

 
Ze

ax
an

th
in

 
-c

ry
pt

ox
an

th
in

 
-c

ar
ot

en
e 

Ly
co

pe
ne

 
To

ta
l c

ar
ot

en
oi

ds
 

 
 

 
0.

00
 

0.
00

 
0.

00
 

3.
29

 ±
 4

.4
6 

0.
00

 
3.

29
 ±

 4
.4

6 

 

 1
0 

 
 lu

tei
n,

 ze
ax

an
th

in
 

 ca
ro

ten
io

ds
 

 
 

  (
g/

10
0g

) 

 
/

 
Lu

te
in

 
Ze

ax
an

th
in

 
-c

ry
pt

ox
an

th
in

 
-c

ar
ot

en
e 

Ly
co

pe
ne

 
To

ta
l c

ar
ot

en
oi

ds
 

 
 

. (
) 

15
.0

7 
± 

1.
38

 
11

.3
2 

± 
0.

56
 

0.
00

 
0.

00
 

0.
00

 
26

.3
9 

± 
1.

93
 

 
 

 (
) 

8.
76

 ±
 0

.1
8 

9.
91

 ±
 0

.2
1 

0.
00

 
0.

00
 

0.
00

 
18

.6
7 

± 
0.

38
 

 
 

13
.9

3 
± 

3.
44

 
10

.4
5 

± 
0.

54
 

0.
00

 
7.

74
 ±

 4
.0

8 
0.

00
 

32
.1

2 
± 

7.
98

 

 
 

14
.9

2 
± 

3.
56

 
9.

87
 ±

 0
.4

0 
0.

00
 

0.
00

 
0.

00
 

24
.7

9 
± 

3.
96

 

 
 

 
 

 
 

 
 

 
 

. (
) 

17
.1

3 
± 

0.
14

 
12

.6
8 

± 
0.

29
 

0.
40

 ±
 0

.7
0 

18
.5

3 
± 

1.
18

 
0.

40
 ±

 0
.7

0 
49

.1
4 

± 
0.

15
 

 
 

9.
23

 ±
 0

.6
3 

 
5.

94
 ±

 5
.1

5 
0.

00
 

4.
37

 ±
 4

.6
3 

0.
00

 
19

.5
5 

± 
8.

91
 

 
 

 (
) 

9.
96

 ±
 1

.5
8 

9.
67

 ±
 0

.4
1 

0.
00

 
0.

00
 

0.
00

 
19

.6
3 

± 
1.

95
 

 
 

8.
36

 ±
 0

.2
2 

9.
70

 ±
 0

.2
1 

0.
00

 
0.

00
 

0.
00

 
18

.0
6 

± 
0.

01
 

 
 

 
 

 
 

 
 

 
 (

) 
14

.6
9 

± 
0.

77
 

11
.0

0 
± 

0.
01

 
0.

00
 

0.
00

 
0.

00
 

25
.6

9 
± 

0.
79

 

 
 

. (
) 

12
.4

2 
 ±

 0
.0

1 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
12

.4
2 

± 
0.

01
 

 
 

11
.0

8 
± 

0.
62

 
9.

77
 ±

 0
.2

2 
0.

00
 

0.
00

 
0.

00
 

20
.8

5 
± 

0.
84

 



30
 

    

 1
1 

 lu
tei

n,
 ze

ax
an

th
in

 
 ca

ro
ten

io
ds

 
 

 
 (

g/
10

0g
) 

 
/

 
Lu

te
in

 
Ze

ax
an

th
in

 
-

cr
yp

to
xa

nt
hi

n 

-c
ar

ot
en

e 
Ly

co
pe

ne
 

To
ta

l c
ar

ot
en

oi
ds

 

 
 

(
) 

15
.4

5 
± 

8.
03

  
11

.3
0 

± 
4.

81
 

7.
56

 ±
 0

.5
9 

61
.1

8 
± 

15
.7

 
3,

78
7.

36
 ±

 2
03

 
3,

88
2.

85
 ±

 2
01

 

 

(
) 

0.
00

 
0.

00
 

0.
00

 
40

2.
53

 ±
 2

2.
8 

2,
86

7.
23

 ±
 2

67
 

3,
26

9.
76

 ±
 2

82
 

 
 

10
.5

3 
± 

0.
40

 
15

.2
4 

± 
1.

60
 

2.
58

 ±
 0

.0
8 

25
.8

0 
± 

4.
91

 
2,

71
0.

22
 ±

 7
16

 
2,

76
4.

35
 ±

 7
23

 

 
 

. (
) 

9.
67

 ±
 0

.4
2 

11
.4

4 
± 

0.
54

 
9.

79
 ±

 2
.7

5 
24

.9
5 

± 
6.

40
 

6,
91

8.
77

 ±
 1

12
8 

6,
97

4.
62

 ±
 1

13
8 

 
 

 
7.

93
 ±

 0
.3

1 
9.

16
 ±

 0
.1

4 
0.

00
 

26
6.

24
 ±

 8
8.

9 
0.

00
 

28
3.

32
 ±

 8
9.

2 

      



31
 

 

 
 1

0 
 2

0 

 1
2 

 lu
tei

n,
 ze

ax
an

th
in

 
 ca

ro
ten

io
ds

 
 

 (
g/

10
0g

) 

 
/

 
Lu

te
in

 
Ze

ax
an

th
in

 
-c

ry
pt

ox
an

th
in

 
-c

ar
ot

en
e 

Ly
co

pe
ne

 
To

ta
l c

ar
ot

en
oi

ds
 

 
 

29
.3

5 
± 

1.
63

 
0.

00
 

0.
00

 
68

.8
4 

± 
7.

52
 

0.
00

 
98

.1
9 

± 
9.

03
 

 
 

27
.6

7 
± 

4.
61

 
0.

00
 

0.
00

 
78

.6
9 

± 
14

.2
8 

0.
00

 
10

6.
36

 ±
 9

.6
7 

 
 

 
31

.0
2 

± 
1.

11
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

31
.0

2 
± 

1.
11

 
 

 
16

.1
0 

± 
0.

09
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

16
.1

0 
± 

0.
09

 
 

 
.

 
47

.8
9 

± 
2.

26
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

47
.8

9 
± 

2.
26

 
 

 
22

.2
2 

± 
1.

25
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

22
.2

2 
± 

1.
25

 
 

 
16

.1
7 

± 
0.

52
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

16
.1

7 
± 

0.
52

 
 

 
16

.4
3 

± 
3.

03
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

16
.4

3 
± 

3.
03

 
 

 
12

.5
2 

± 
2.

52
  

0.
00

 
0.

00
 

0.
00

 
0.

00
 

12
.5

2 
± 

2.
52

 
 

 
10

.4
3 

± 
0.

97
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

10
.4

3 
± 

0.
97

 
 

 
17

.5
9 

± 
1.

50
 

0.
00

 
0.

00
 

17
.8

7 
± 

3.
14

 
17

.8
7 

± 
3.

14
 

53
.3

3 
± 

6.
41

 
 

 
 

50
.1

3 
± 

8.
14

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
50

.1
3 

± 
8.

14
 

 
 

22
.6

9 
± 

3.
74

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
22

.6
9 

± 
3.

74
 

 
 

. 
12

.5
9 

± 
0.

40
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

12
.5

9 
± 

0.
40

 
 

 
11

.4
2 

± 
0.

44
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

11
.4

2 
± 

0.
44

 
 

 
12

.0
0 

± 
0.

55
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

12
.0

0 
± 

0.
55

 
 

 
8.

02
 ±

 0
.2

3 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
8.

02
 ±

 0
.2

3 
 

 
8.

15
 ±

 0
.0

8 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
8.

15
 ±

 0
.0

8 
 

 
. 

13
.1

2 
± 

0.
96

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
13

.1
2 

± 
0.

96
 

 
 

18
.1

2 
± 

0.
75

 
0.

00
 

0.
00

 
24

.9
5 

± 
5.

63
 

0.
00

 
43

.0
8 

± 
6.

38
 

 
 

13
.0

3 
± 

3.
19

 
0.

00
 

0.
00

 
15

.5
5 

± 
1.

44
 

0.
00

 
28

.5
8 

± 
1.

74
 

 
 

11
.6

3 
± 

1.
47

 
0.

00
 

0.
00

 
16

.3
8 

± 
4.

44
 

0.
00

 
28

.0
0 

± 
5.

91
 



32
 

   

 1
3 

 lu
tei

n,
 ze

ax
an

th
in

 
 ca

ro
ten

io
ds

 
 

 
, 

 (
g/

10
0g

) 

 
/

 
Lu

te
in

 
Ze

ax
an

th
in

 
-c

ry
pt

ox
an

th
in

 
-c

ar
ot

en
e 

Ly
co

pe
ne

 
To

ta
l c

ar
ot

en
oi

ds
 

 
 (

) 
0.

00
 

0.
00

 
0.

00
 

1,
15

7.
53

 ±
 5

8.
19

 
0.

00
 

11
57

.5
3 

± 
58

.2
 

 
 (

) 
0.

00
 

0.
00

 
18

.1
7 

± 
3.

19
 

1,
37

0.
91

 ±
16

9 
0.

00
 

13
89

.0
8 

± 
17

2 

 
 

0.
00

 
0.

00
 

0.
00

 
20

.3
7 

± 
6.

68
 

0.
00

 
20

.3
7 

± 
6.

68
 

 
 (

) 
0.

00
 

0.
00

 
0.

00
 

11
1.

35
 ±

 2
1.

02
 

0.
00

 
11

1.
35

 ±
 2

1.
0 

 
 

 
 

 
 

 
 

 
 

. 
0.

00
 

0.
00

 
0.

00
 

9.
24

 ±
 1

.5
5 

0.
00

 
9.

24
 ±

 1
.5

5 

 
 

0.
00

 
0.

00
 

0.
00

 
51

.9
5 

± 
13

.6
 

0.
00

 
51

.9
5 

± 
13

.6
 

 
 

0.
00

 
0.

00
 

0.
00

 
19

.2
7 

± 
2.

64
 

0.
00

 
19

.2
7 

± 
2.

64
 

 
 

 
 

 
 

 
 

 
 

0.
00

 
0.

00
 

0.
00

 
42

.3
7 

± 
7.

53
 

0.
00

 
42

.3
7 

± 
7.

53
 

 
 

0.
00

 
0.

00
 

0.
00

 
24

.6
1 

± 
1.

84
 

0.
00

 
24

.6
1 

± 
1.

84
 

 
 

0.
00

 
0.

00
 

0.
00

 
74

.8
6 

± 
8.

40
 

0.
00

 
74

.8
6 

± 
8.

40
 

 
 

 
 

 
 

 
 

 
 

0.
00

 
17

.2
0 

± 
0.

17
 

0.
00

 
80

9.
10

 ±
 2

02
 

0.
00

 
82

6.
30

 ±
 2

02
 

 



33
 

  

 1
4 

 lu
tei

n,
 ze

ax
an

th
in

 
 ca

ro
ten

io
ds

 
 

 
 

 (
g/

10
0g

) 

 
/

 
Lu

te
in

 
Ze

ax
an

th
in

 
-c

ry
pt

ox
an

th
in

 
-c

ar
ot

en
e 

Ly
co

pe
ne

 
To

ta
l c

ar
ot

en
oi

ds
 

 
 

23
.7

6 
± 

0.
17

 
57

.8
0 

± 
11

.2
4 

0.
00

 
29

0.
97

 ±
 6

4.
6 

0.
00

 
37

2.
53

 ±
 7

5.
6 

 
 

0.
00

 
12

.7
6 

± 
0.

37
  

0.
00

 
0.

00
 

0.
00

 
12

.7
6 

± 
0.

37
 

 
 

0.
00

 
11

.3
2 

± 
0.

65
 

0.
00

 
7.

77
 ±

 0
.1

4 
0.

00
 

19
.0

9 
± 

0.
79

 
 

 
 

 
 

 
 

 
  

 
7.

75
 ±

 0
.3

6 
12

.7
9 

± 
1.

69
 

0.
00

 
17

.0
4 

± 
4.

16
 

0.
00

 
32

.5
9 

± 
13

.3
 

 
 

0.
00

 
16

.4
1 

± 
0.

16
 

0.
00

 
7.

01
 ±

 0
.0

0 
0.

00
 

23
.4

2 
± 

0.
15

 

 
 

0.
00

 
41

.1
2 

± 
1.

13
 

0.
00

 
19

7.
99

 ±
 7

.0
4 

0.
00

 
23

9.
12

 ±
 8

.1
7 

 
 

. (
) 

8.
66

 ±
 1

.0
9 

13
.2

3 
± 

0.
47

 
0.

00
 

0.
00

 
0.

00
 

21
.8

9 
± 

1.
56

 

 

 1
5 

 lu
tei

n,
 ze

ax
an

th
in

 
 ca

ro
ten

io
ds

 
 

 
  (

g/
10

0g
) 

 
/

 
Lu

te
in

 
Ze

ax
an

th
in

 
-c

ry
pt

ox
an

th
in

 
-c

ar
ot

en
e 

Ly
co

pe
ne

 
To

ta
l c

ar
ot

en
oi

ds
 

   

  

12
.3

9 
± 

0.
75

 
10

.7
4 

± 
0.

45
 

8.
93

 ±
 0

.7
8 

57
.9

4 
± 

9.
71

 
0.

00
 

90
.0

0 
± 

11
.4

 

 
 

. 
7.

01
 ±

 0
.0

0 
8.

52
 ±

 0
.0

0 
10

.0
1 

± 
0.

99
 

49
.8

7 
± 

17
.6

 
10

.0
1 

± 
0.

99
 

85
.4

0 
± 

19
.5

 

 
 

0.
00

  
0.

00
 

11
.0

9 
± 

0.
03

 
5.

10
 ±

 1
.4

1 
0.

00
 

16
.1

9 
± 

1.
37

 

 
 

0.
00

 
0.

00
 

0.
00

 
7.

71
 ±

 0
.0

2 
0.

00
 

7.
71

 ±
 0

.0
2 



34
 

  
 

  

 1
6 

 lu
tei

n,
 ze

ax
an

th
in

 
 ca

ro
ten

io
ds

 
 

 
   

(
g/

10
0g

) 

 
/

 
Lu

te
in

 
Ze

ax
an

th
in

 
-c

ry
pt

ox
an

th
in

 
-c

ar
ot

en
e 

Ly
co

pe
ne

 
To

ta
l c

ar
ot

en
oi

ds
 

 
 

19
.5

3 
± 

1.
82

 
0.

00
 

0.
00

 
13

.7
6 

± 
4.

14
  

0.
00

 
33

.2
9 

± 
5.

86
 

 
 

13
.1

7 
± 

0.
13

 
8.

88
 ±

 0
.0

1 
0.

00
 

11
.3

1 
± 

1.
75

 
0.

00
 

33
.3

6 
± 

0.
90

 

 
  

13
.0

7 
± 

1.
01

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
13

.0
7 

± 
1.

01
 

 

 1
7 

 lu
tei

n,
 ze

ax
an

th
in

 
 ca

ro
ten

io
ds

 
 

 
 (

g/
10

0g
) 

 
/

 
Lu

te
in

 
Ze

ax
an

th
in

-c
ry

pt
ox

an
th

in
 

-c
ar

ot
en

e 
Ly

co
pe

ne
 

To
ta

l c
ar

ot
en

oi
ds

 

 
 

7.
72

 ±
 0

.0
7 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

7.
72

 ±
 0

.0
7 

 
 

0.
00

 
0.

00
 

0.
00

 
22

.2
5 

± 
3.

54
 

0.
00

 
22

.2
5 

± 
3.

54
 

 
 

0.
00

 
0.

00
 

0.
00

 
13

.3
5 

± 
1.

11
 

0.
00

 
13

.3
5 

± 
1.

11
 

 
 

0.
00

 
0.

00
 

0.
00

 
6.

21
 ±

 1
.5

8 
0.

00
 

6.
21

 ±
 1

.5
8 

    



35
 

 

 1
8 

 lu
tei

n,
 ze

ax
an

th
in

 
 ca

ro
ten

io
ds

 
 

 
 (

g/
10

0g
) 

 
/

 
Lu

te
in

 
Ze

ax
an

th
in

 
-c

ry
pt

ox
an

th
in

 
-c

ar
ot

en
e 

Ly
co

pe
ne

 
To

ta
l c

ar
ot

en
oi

ds
 

 

 
 

(
) 

0.
00

 
11

.6
0 

± 
0.

42
 

36
.9

7 
± 

0.
81

 
11

9.
75

 ±
 1

0.
1 

0.
00

 
16

8.
31

 ±
 8

.8
4 

 
 

9.
31

 ±
 0

.0
8 

12
.8

7 
± 

0.
05

 
6.

90
 ±

 0
.2

6 
10

1.
12

 ±
 0

.5
9 

0.
00

 
12

9.
87

 ±
 0

.8
2 

 
 (

) 
0.

00
 

17
.1

0 
± 

0.
82

 
86

.8
3 

± 
5.

95
 

33
3.

37
 ±

 8
0.

3 
0.

00
 

43
7.

31
 ±

 8
7.

1 

 
 (

) 
0.

00
 

11
.8

4 
± 

0.
44

 
25

.0
9 

± 
1.

11
 

51
.6

7 
± 

24
.4

 
0.

00
 

88
.5

9 
± 

25
.9

 

 
 

0.
00

 
0.

00
 

0.
00

 
46

.6
4 

± 
10

.5
 

0.
00

 
46

.6
4 

± 
10

.5
 

 
 

 
 

 
 

 
 

 
 

12
.0

7 
± 

0.
01

 
19

.9
5 

± 
0.

24
 

13
.6

0 
± 

0.
28

 
16

4.
55

 ±
 4

.2
4 

0.
00

 
21

0.
17

 ±
 3

.7
3 

 
 

10
.3

1 
± 

0.
17

 
15

.4
6 

± 
0.

20
 

7.
86

 ±
 0

.2
5 

10
5.

53
 ±

 5
.9

9 
0.

00
 

13
9.

15
 ±

 6
.4

0 

 
 

9.
05

 ±
 0

.0
9 

13
.9

9 
± 

0.
21

 
15

.4
3 

± 
5.

53
 

22
.0

3 
± 

2.
55

 
0.

00
 

60
.5

1 
± 

8.
20

 

 
 

 
0.

00
 

16
.2

1 
± 

0.
93

 
7.

40
 ±

 1
.0

3 
18

.5
5 

± 
2.

08
 

0.
00

 
43

.1
4 

± 
2.

65
 

 
 

 
 

 
 

 
 

 
 

11
.1

9 
± 

0.
22

 
12

.2
6 

± 
0.

31
 

8.
96

 ±
 0

.2
2 

0.
00

  
0.

00
 

32
.4

0 
± 

0.
75

 

 
 

. 
9.

95
 ±

 1
.1

1 
10

.3
6 

± 
1.

30
 

8.
00

 ±
 0

.2
6 

0.
00

 
0.

00
 

28
.3

1 
± 

2.
66

 

 
 

8.
86

 ±
 0

.6
0 

11
.1

3 
± 

0.
72

 
0.

00
 

0.
00

 
0.

00
 

19
.9

9 
± 

1.
32

 

 
 

10
.2

5 
± 

1.
18

 
11

.7
9 

± 
1.

02
 

0.
00

 
0.

00
 

0.
00

 
22

.0
4 

± 
2.

20
 



36
 

 

 1
9 

 
 lu

tei
n,

 ze
ax

an
th

in
 

 ca
ro

ten
io

ds
 

 
 

  (
g/

10
0g

) 

 
/

 
Lu

te
in

 
Ze

ax
an

th
in

 
-c

ry
pt

ox
an

th
in

 
-c

ar
ot

en
e 

Ly
co

pe
ne

 
To

ta
l c

ar
ot

en
oi

ds
 

 
 

0.
00

 
0.

00
 

0.
00

 
27

.6
6 

± 
9.

30
 

0.
00

 
27

.6
6 

± 
9.

30
 

 
 (

) 
7.

67
 ±

 0
.2

1 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
7.

67
 ±

 0
.2

1 
   

   
  

 
 

7.
63

 ±
 0

.0
5 

9.
39

 ±
 0

.0
7 

0.
00

 
73

.4
9 

± 
9.

99
 

0.
00

 
90

.5
1 

± 
10

.1
 

 
 

7.
56

 ±
 0

.0
1 

0.
00

 
0.

00
 

10
.3

2 
± 

0.
35

 
0.

00
 

17
.8

8 
± 

0.
34

 

 
 

7.
86

 ±
 0

.1
0 

9.
12

 ±
 0

.1
0 

0.
00

 
92

.1
4 

± 
14

.9
 

0.
00

 
10

9.
12

 ±
 1

5.
1 

/
 

 (
) 

8.
96

 ±
 3

.3
7 

0.
00

 
0.

00
 

37
4.

15
 ±

 4
3.

4 
0.

00
 

38
3.

11
 ±

 4
0.

2 

 
 

 (
) 

10
.8

3 
± 

0.
65

  
10

.1
4 

± 
0.

30
 

6.
55

 ±
 0

.9
0 

67
.8

0 
± 

10
.3

 
0.

00
 

95
.3

2 
± 

12
.2

 

 
 

0.
00

 
0.

00
 

0.
00

 
22

8.
80

 ±
 4

3.
2 

0.
00

 
22

8.
80

 ±
 4

3.
2 

 
 

0.
00

 
0.

00
 

0.
00

 
26

9.
90

 ±
 4

5.
8 

 
0.

00
 

26
9.

90
 ±

 4
5.

8 

 
 

0.
00

 
0.

00
 

0.
00

 
32

.3
9 

± 
2.

38
 

0.
00

 
32

.3
9 

± 
2.

38
 

 
 

0.
00

 
0.

00
 

0.
00

 
13

.5
2 

± 
0.

25
 

0.
00

 
13

.5
2 

± 
0.

25
 

 
 

. 
8.

44
 ±

 0
.2

4 
10

.4
6 

± 
0.

45
 

0.
00

 
15

.2
0 

± 
5.

61
 

0.
00

 
34

.0
9 

± 
6.

30
 

 
 

0.
00

 
0.

00
 

0.
00

 
17

.6
8 

± 
1.

35
 

0.
00

 
17

.6
8 

± 
1.

35
 

 
 

7.
81

 ±
 0

.0
2 

8.
94

 ±
 0

.0
0 

0.
00

 
9.

71
 ±

 0
.1

7 
0.

00
 

26
.4

6 
± 

0.
16

 

 
 

. (
) 

8.
20

 ±
 0

.7
4 

0.
00

 
0.

00
 

9.
64

 ±
 0

.1
6 

0.
00

 
17

.8
3 

± 
0.

90
 

 
 

0.
00

 
0.

00
 

0.
00

 
20

.5
0 

± 
2.

37
 

0.
00

 
20

.5
0 

± 
2.

37
 

 
 

. 
0.

00
 

0.
00

 
0.

00
 

17
.9

8 
± 

1.
56

 
0.

00
 

17
.9

8 
± 

1.
56

 



37
 

 

 
 2

0 

 
  2

0 
 

 lu
tei

n,
 ze

ax
an

th
in

 
 ca

ro
ten

io
ds

 
 

 
  (

g/
10

0g
) 

 
/

 
Lu

te
in

 
Ze

ax
an

th
in

 
-

cr
yp

to
xa

nt
hi

n 

-c
ar

ot
en

e 
Ly

co
pe

ne
 

To
ta

l 

ca
ro

te
no

id
s 

 
 (

) 
15

.7
9 

± 
3.

78
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

15
.7

9 
± 

3.
78

 

 
 

10
.8

3 
± 

0.
65

 
10

.1
4 

± 
0.

30
 

6.
54

 ±
 0

.9
0 

67
.8

0 
± 

10
.3

 
0.

00
 

95
.3

2 
± 

12
.2

 

 
 

13
.7

5 
± 

3.
18

 
0.

00
 

0.
00

 
26

.1
0 

± 
4.

05
 

0.
00

 
39

.8
5 

± 
7.

22
 

 
 

15
.9

6 
± 

0.
35

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
15

.9
6 

± 
0.

35
 

 
 

 
 

 
 

 
 

 
 

33
.2

5 
± 

3.
37

 
0.

00
 

0.
00

 
17

0.
15

 ±
 8

5.
7 

17
0.

15
 ±

 8
5.

7 
37

3.
55

 ±
 1

75
 

 
 (

) 
13

.6
0 

± 
0.

73
 

0.
00

 
0.

00
 

45
.3

2 
± 

3.
17

 
0.

00
 

58
.9

2 
± 

2.
44

 

 
 

20
.1

6 
± 

4.
53

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
20

.1
6 

± 
4.

53
 

 
 

24
.6

3 
± 

0.
59

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
24

.6
3 

± 
0.

59
 

 
 

 
 

 
 

 
 

 
 

17
.0

4 
± 

1.
69

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
17

.0
4 

± 
1.

69
 

 
 

(
) 

18
.3

0 
± 

0.
10

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
18

.3
0 

± 
0.

10
 

 



38
 

    

 2
1 

 lu
tei

n,
 ze

ax
an

th
in

 
 ca

ro
ten

io
ds

 
 

 
  (

g/
10

0g
) 

 

 
/

 
Lu

te
in

 
Ze

ax
an

th
in

 
-c

ry
pt

ox
an

th
in

 
-c

ar
ot

en
e 

Ly
co

pe
ne

 
To

ta
l c

ar
ot

en
oi

ds
 

 
  

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

 
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

 
 

. 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 

 
 

 
 

 
 

 
 

 
  

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

 
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

 
 

. 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 

     



39 

 

      zeaxanthin 

 lutein   

         

 -cryptoxanthin       

   

  -carotene  -carotene 

      

         

 -carotene     

   lycopene      

lycopene     lycopene   2,710.22 ± 716  6,918.77 ± 

1128 g/100g    1,098.53 ± 4.36  2,707.12 ± 258 

g/100g    324.05 ± 8.39  1,422.91 ± 298 g/100g  

  lycopene       

   

  5 /

  /   

     

   total carotenoids 

  carotenoids    

 carotenoids  

 Age-related macular degeneration (AMD)  

  

 

3.  lutein  zeaxanthin    

  lutein  zeaxanthin  (  22) 

  170   lutein  122   71.76 

  zeaxanthin  65   38.24 

 -   lutein  zeaxanthin /

  3     
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  10 (  3)   lutein   

66.17 ± 26.4 g/100g   50.95 ± 0.28 -117.73 ± 4.27 g/100g  

 lutein  117.73 ± 4.27 g/100g  /  

 lutein 100   

  20.65 ± 5.30 g/100g   17.65 ± 2.34 - 28.59 ± 4.56 g/100g 

100,   19.44 ± 8.64 g/100g  

 12.09 ± 1.10 - 30.65 ± 0.03 g/100g 100, 

  14.46 ± 5.20 g/100g   10.26 ± 0.05 - 22.05 ± 0.30 g/100g 

100 ,   14.45 ± 3.44 g/100g  

 10.67 ± 0.09 - 17.40 ± 6.53 g/100g  100  

  14.03 ± 0.49 g/100g    

zeaxanthin (  4)    zeaxanthin   24.93 ± 49.86 g/100g  

 0.00 - 99.72 ± 2.96 g/100g  25  

   18.02 ± 8.59 g/100g   12.80  ± 0.64 - 33.14 ± 1.13 

g/100g 100    13.99 ± 5.98 

g/100g   9.35 ± 0.05 - 24.24 ± 3.53 

100 ,  10.39 ± 10.15 g/100g  9.87 ± 0.40 - 11.32 ± 0.56 

g/100g 100    10.34 ± 

0.11 g/100g     

  10  20  (  5)       

 lutein   26.04 ± 6.76 g/100g  16.10 ± 0.09 - 31.02 ± 1.11 

g/100g  100     23.05 ± 

14.3 g/100g   12.52 ± 2.52 - 47.89 ± 2.26 g/100g 

100,   22.69 ± 16.1 g/100g   12.59 ± 0.40 - 50.13 

± 8.14 g/100g 100    16.35  

±4.50 g/100g   13.17 ± 0.13 - 19.53 ± 1.82 g/100g 

100    4    

   lutein   zeaxanthin (  6)  

  zeaxanthin   27.29 ± 26.43 g/100g   11.32 ± 0.65 - 

57.80 ± 11.24 g/100g 100    

 20.89  ± 13.59 g/100g   12.79 ± 1.69 - 41.12 ± 1.13 g/100g 
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100    17.20 ± 0.17 g/100g  

   16.40 ± 2.54 g/100g    13.99 ± 0.21 - 

19.95 ± 0.24 g/100g  100   

  20  (  7  8)  

  10   lutein   

 lutein   22.91 ± 8.25 g/100g   13.60 ± 0.73 - 33.25 ± 

3.37 g/100g     17.67 ± 0.89 g/100g   

17.04 ± 1.69 - 18.30 ± 0.10 g/100g   14.08 ± 2.39 g/100g  

 10.83 ± 0.65 - 15.96 ± 0.35 g/100g   

lutein   zeaxanthin   

zeaxanthin  2.54 ± 5.07 g/100g   zeaxanthin  

  lutein  zeaxanthin  

    (22.91 g/100g)  

lutein  zeaxanthin ,   lutein 

 lutein ,  lutein  zeaxanthin  

 8    lutein  zeaxanthin (35.91 g/100g) 

   lutein  zeaxanthin (24.65 

g/100g) ,  lutein  zeaxanthin (23.56 

g/100g) ,  lutein  

zeaxanthin    lutein 

 (26.04 g/100g)  

 zeaxanthin  lutein    

   lutein  zeaxanthin  

/  lutein  zeaxanthin 
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   3   lutein  10  

 

 

 
   4   zeaxanthin  10  

g/100g 

g/100g 
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   5  lutein  10-20  

 

 

 
             6  zeaxanthin  10-20  

 

g/100g 

g/100g 
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  7  lutein  20  

 

 

 
 

  8  zeaxanthin  20  

g/100g 

g/100g 
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4.  -carotene  total carotenoids    

  -carotene  total carotenoids  (

 23)   170   -carotene  103   

60.59  total carotenoids  5  

 carotenoids   164   96.47 

 -   -carotene  total carotenoids 

 3    

  10 (  9)    -

carotene   739.73 ± 1123 g/100g   0.00 - 2,411.74 ± 64.8 g/100g  

/   -carotene 75 

   477.13 ± 667 g/100g   0.00 – 1,401.35 ±110 

g/100g  83.33,    384.90 ± 434 

g/100g   46.28 ± 5.76 - 1,110.37 ± 41.5 g/100g  

 100,    266.24 ± 88.9 g/100g   

  249.61 ± 185 g/100g   65.20 ± 4.58 - 483.66 ± 

66.0 g/100g   100   total carotenoids 

 (  10)   10  

carotenoids     carotenoids   4,222.90 ± 1,891 

g/100g   2,764.35± 723 - 6,974.62 ± 1138 g/100g 

 100  lycopene 

   total carotenoids   

  1,526.00 ± 1168 g/100g   199.34 ± 48.2 - 2,480.25 ± 196 

g/100g   100   1,037.76 ± 855 

g/100g   98.68 ± 28.6 - 1,816.59 ± 266 g/100g  

 100      

  10  20  (  11)     

 -carotene   809.10 ± 202 g/100g   

  665.04 ± 698 g/100g   20.37 ± 6.68 -

1,370.91±169 g/100g   100,   

194.61 ±143 g/100g   32.39 ± 2.38 - 374.15 ± 43.4 g/100g  

 100,   130.51 ± 118 g/100g   
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46.64 ± 10.5 - 333.37 ± 80.3 g/100g   100  

 99.58 ± 166 g/100g   0.00 - 290.97 ± 64.6 g/100g  

 66.66   total carotenoids  (  12)  

 10  20  carotenoids  

  -carotene    total carotenoids   

826.30 ± 202 g/100g     

669.58 ± 704 g/100g   20.37 ± 6.68 – 1,389.08 ± 172 g/100g  

 100,   201.90 ± 140 g/100g  

 32.39 ± 2.38 - 383.11 ± 40.2 g/100g   100, 

  174.14 ± 154 g/100g   46.64 ± 10.5 - 437.31 ± 87.1 g/100g  

 100   134.79 ± 206 g/100g  

 12.76 ± 0.37 - 372.53 ± 75.6 g/100g   100 

  

  20  (  13  14)  

  10   -carotene  4  

   -carotene   53.87 ± 80.4 g/100g   

0.00-170.15 ± 85.7 g/100g     23.48 ± 32.0 g/100g  

 0.00 - 67.80 ± 10.3 g/100g    -carotene 

 -carotene   total carotenoids 

  total carotenoids 

  119.32 ± 170 g/100g   20.16 ± 4.53 - 373.55 ± 175 g/100g  

   41.73 ± 37.5 g/100g   15.79 ± 3.78 - 95.32 ± 

12.2 g/100g      total 

carotenoids  
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 9  -carotene  10  

 

 

 
   10  Total carotenoids  10  

g/100g 

g/100g 
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  11   -carotene  10-20  

 

 
  12  total carotenoids  10-20  

 

g/100g 

g/100g 
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   13   -carotene  20  

 

 

 
  14   total carotenoids  20  

 

g/100g 

g/100g 
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5. -   lutein, zeaxanthin, -carotene  total carotenoids 

   

  24  lutein, zeaxanthin, -

carotene  total carotenoids  21  47   

   lutein 

 19  40   lutein  10    

(66.17 g/100g)   (26.04 g/100g)   (23.05 g/100g)  (22.91 g/100g)  

 (22.69 g/100g)  (20.65 g/100g)   (19.44 g/100g)  

(17.67 g/100g)  (16.35 g/100g)   (14.46 g/100g)  

 lutein       

  (  15) 

  zeaxanthin  lutein  15  

26   zeaxanthin  10    (27.29 g/100g)  

 (24.93 g/100g)   (20.89 g/100g)  (18.02 g/100g) 

 (17.2 g/100g)  (16.40 g/100g)   (13.99 g/100g)  

(11.38 g/100g)   (10.68 g/100g)   (10.39 g/100g)  (  

16) 

  -carotene  lutein  

19  36   -carotene  10    

(809.10 g/100g)  (739.73 g/100g)  (665.04 g/100g)   

(477.13 g/100g)  (384.90 g/100g)  (266.24 g/100g) 

 (249.61 g/100g)  (194.61 g/100g)  (130.51 g/100g) 

 (128.62 g/100g)  (  17) 

  carotenoids    

 carotenoids   lutein  19  36 

  carotenoids  10    (4,222.90 

g/100g)   (1,526.00 g/100g)    (1,037.76 g/100g) 

 (826.30 g/100g)   (759.17 g/100g)  (669.58 g/100g)  

(552.24 g/100g)  (283.32 g/100g)  (201.90 g/100g)    

 (174.14 g/100g)    carotenoids  

(  18) 
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  15 -   lutein    

g/100g 
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   16 -   zeaxanthin    

g/100g 
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   17 -   -carotene    

g/100g 
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   18 -   total carotenoids    

g/100g 
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   lutein  zeaxanthin 

 Age-related macular degeneration (AMD) 

  lutein  

zeaxanthin  carotenoids 

  (High Performance Liquid Chromatography : HPLC)   

YMC TM Carotenoids  5.0 m  (4.6 mm x 250 mm)   carotenoids   

 -cryptoxanthin,   -carotene  lycopene  total 

carotenoids  21  47   170  

   lutein   122  

 71.76  zeaxanthin  lutein   65 

  38.24 /  

 carotenoids   

       

  -   lutein  zeaxanthin 

 (total sugars)  

 10   lutein  66.17 ± 26.4 g/100g  

 117.73 ± 4.27 g/100g   lutein  6 

       

    Cucumis melo L.  

Cucurbitaceae     Perry et al. (2009) 

 13     lutein  

25 g/100g  19 g/100g   

 lutein  zeaxanthin  100  

http://nutritiondata.self.com/foods  foods highest in lutein and zeaxanthin   lutein 

 zeaxanthin  (melon)      27, 26 

 8 g/100g   lutein 

 4   Perry et al. (2009)  13  

 lutein   6 g/100g  
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  lutein  10  20    

lutein  26.04 ± 6.76 g/100g   31.02 ± 1.11 g/100g  

      

  lutein   

 lutein  zeaxanthin  100  

http://nutritiondata.self.com/foods   lutein  zeaxanthin   22 g/100g  

 (dehydrated bananas)  84 g/100g    lutein 

 20    

10   lutein    lutein  22.91 ± 8.25 g/100g 

 

 lutein    4  (    )  2 

 ( ) 

  lutein  zeaxanthin 

  zeaxanthin   lutein   

(Perry et al. 2009)  zeaxanthin  lutein  

 zeaxanthin  10   

 24.93 ± 49.86 g/100g   99.72 ± 2.96 g/100g  

   

  74   Murillo, E. et al. (2010)  

 (South America sapote)  zeaxanthin  (46.2 g /g)   (2.1 

g /g)  10  20    

zeaxanthin  27.29 ± 26.43 g/100g   57.80 ± 11.24 

g/100g      

 lutein  zeaxanthin    

  (   )     

(  )    (   )  

  

lutein  zeaxanthin   

 10  lutein  zeaxanthin   

  Age-related macular degeneration (AMD)  
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 10   

  

  

     (2003)

  50  

 The American Optometric Association   carotenoids 

 600   2   lutein  zeaxanthin 

 macula     lutein  zeaxanthin 

 

    lutein 

  6–10   lutein  6   

 AMD  43% (Seddon et al. 1994)  lutein 

 zeaxanthin         

 lutein  zeaxanthin  4    (kale)  (spinach)  

(collard green)   (turnip green) (Sommerburg et al. 1998) 

   lutein  zeaxanthin /

   lutein   10   

 (66.17 g/100g)   (26.04 g/100g)   (23.05 g/100g)  

(22.91 g/100g)   (22.69 g/100g)  (20.65 g/100g)   (19.44 g/100g) 

 (17.67 g/100g)  (16.35 g/100g)   (14.46 g/100g) 

  zeaxanthin  10    (27.29 g/100g)   (24.93 

g/100g)   (20.89 g/100g)  (18.02 g/100g)  (17.2 g/100g) 

 (16.40 g/100g)   (13.99 g/100g)  (11.38 g/100g)   

(10.68 g/100g)   (10.39 g/100g)  

  Sommerburg et al. (1998)  lutein and zeaxanthin 

      (54%mole) 

 (53%mole)  (35%mole),  (35%mole),  (31%mole),  (22%mole) 

 (20%mole)   (18%mole)  (  1% mole) 

 13   (Perry et al., 2009)   lutein 

  (171 g/100g)   (53 g/100g)  (33 g/100g)  
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(25 g/100g)  (24 g/100g)  (19 g/100g)  (15 g/100g)  (11 g/100g) ) 

 (8 g/100g)  (6 g/100g)  (4 g/100g)   

  lutein  zeaxanthin  100  

http://nutritiondata.self.com/foods  Foods highest in lutein and zeaxanthin  

 lutein  zeaxanthin    (persimmons from Japanese, 834 g/100g) 

  (559 g/100g)  (407 g/100g)   (271 g/100g)   

(251 g/100g)  (243 g/100g)  (136 g/100g)  (122 g/100g)  

(118 g/100g)  (113 g/100g)  (85 g/100g)  (84 g/100g)   (75 

g/100g)  

  lutein  zeaxanthin  

  

        

      lutein  zeaxanthin 

  

 

 

 

  21  47   170  

 lutein  zeaxanthin  carotenoids 

 (High Performance Liquid Chromatography : 

HPLC)   YMC TM Carotenoids  5.0 m  (4.6 mm x 250 mm)  

 carotenoids    -cryptoxanthin,   -carotene  lycopene  

  lutein   122   71.76 

 zeaxanthin  lutein  65  

 38.24  -carotene  103   60.59 

 carotenoids  164   96.47  lycopene  

 

  

 1.  10   lutein  66.17 ± 26.4 

g/100g   117.73 ± 4.27 g/100g   lutein 

 6       
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   10  20    

lutein  26.04 ± 6.76 g/100g   31.02 ± 1.11 g/100g  

   lutein  

 20    lutein    

lutein  22.91 ± 8.25 g/100g   lutein    4  

(    )  2  ( ) 

 2.  zeaxanthin    lutein  

 10  zeaxanthin   24.93 ± 49.86 g/100g  

    

  10  20    

zeaxanthin  27.29 ± 26.43 g/100g    

57.80 ± 11.24 g/100g    

   lutein  

zeaxanthin      (   )  

   (  )    (  

 )  

 3.  -carotene  10  

  -carotene   739.73 ± 1123 g/100g  

 2,411.74 ± 64.8 g/100g      

    total carotenoids  

   carotenoids   4,222.90 ± 1,891 g/100g   

   10  20   

 -carotene   809.10 ± 202 g/100g    

       

carotenoids    total carotenoids   

      

 20   -carotene  total carotenoids 

  

   lutein  zeaxanthin 

     

 lutein  zeaxanthin     
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    lutein  zeaxanthin 

  

   lutein  

zeaxanthin  

 Age-related macular degeneration (AMD)  

 phytochemicals  -carotene  lycopene   
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 Eugenia Javanica 

 Citrullus lanatus 

 Cucumis melo L. 

 Psidium guajava L. 

 Mangifera indica L. 

 Carica papaya L. 

 Salacea wallichiana, Mart. 

 Pithecellabium dulce, Baneth. 

 Citrus maxima (Burm.) Merr. 

 Passiflora laurifolia  L. 

 Musa sapientum Linn. 

 Bouea macrophylla Griffith 

 Averrhoa carambola L. 

 Manilkara zapota  L. 

 Salacca edulis 

 Citrus tangerina 

/  Citrus senesis L. Osbeck 

 Ananas comosus 

 Artocarpus heterophyllus  Lam 

 Tamarind indica L. 
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/   Codex Alimentarius 

 Plant products : Description  of  primary  samples  and  minimum  size of  laboratory  samples. 

Commodity  classification                               Examples                       Nature of  primary sample                Minimum  size  of  each   

                                                                                                                 to  be  taken                                       laboratory  sample   

Class A ,  primary  food  commodities  of  plant  origin 

1.       All  fresh  fruits ,  type 1 , groups 001-008 

        All   fresh  vetgetables, type 2, groups  009-019, except group 015 ( dry  pulses)  
1.1    small sized  fresh  products                  berries                              whole  units, or packages                 1 kg 

         units  generally  <  25 g                           peas                                  or  units  taken  with  a  

                                                                     olives                                sampling  device 

1.2    medium  sized  fresh  products            apples                                whole  units                                    1 kg  

         units  generally   25-250  g                     oranges                                                                                        ( at  least  10 units)  
1.3    large  sized  fresh  products                 cabbages                            whole  units                                    2 kg 

         units  generally  > 250 g                         cucumbers                                                                                   ( at  least  5 units)    
                                                                     grapes ( bunches) 
2.    Pulses, type 2 , group  015                        soya  beans                                                                                1 kg 

       Cereal  grains, type 3, group 020             rice , wheat                                                                                1 kg 

       Tree  nuts, type4, group 022                     except  coconuts                                                                        1 kg 

                                                                          coconuts                                                                                     5 units 

        Oilseeds, type4, group 023                       peanuts                                                                                      500 g     

        Seeds for beverages and sweets,     

        type4, group 024                                      coffee  beans                                                                               500 g   

3      Herbs , type5, group 027                         fresh parsley                      whole  units                                      0.5 kg 

                                                                          other , fresh                                                                                0.2 kg           

        ( for dried  herbs see:  Class D, 

          Type 12, in section 5 of this  Table )       
         Spices,  type5, group 028                        dried                                 whole  units or taken  with                 0.1 kg 

                                                                                                              a sampling  device                                                                  

Class C, primary  animal  feed  commodities 

4       Primary  feed   commodities of  plant origins , type 11   

4.1 Legume animal  feeds, and other                                                 whole units, or units taken               1 kg

 forages  and  fodders                                                                      with a sampling  devive                   ( at  least  10 units)    
4.2    Straw,  hay  and  other  dried                                                      units  taken  with  a                           0.5 kg 

         products                                                                                         sampling  device                              ( at  least  10 units)    

*Commodities are classified according to the Codex Alimentarius. 
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Chromatograms  5  HPLC 
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 Standard calibration curves  HPLC 
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   calibration curves  working standard solution  

 Lutein and zeaxanthin 1.6-20.0 g/mL,  -cryptoxanthin 0.32 -4.0 g/mL,  -carotene  3.2-40 

g/mL  lycopene 1.6-20 g/mL  HPLC  (peak area) (y) 

 plot curve  (  x)  (peak 

area) (y)   (R2)  

 

Standard calibration curves, detection limits and method validation data 

 
Calibration curves 

Linear range ( g/mL) 
Regression equationa R2 

Lutein 0.8-20.0 Y = 81.49X - 28.59 0.999 

Zeaxanthin 0.8-20.0 Y = 79.05X - 33.69 0.999 

-cryptoxanthin 0.2-4.0 Y = 68.92X - 4.187 0.999 

-carotene   1.6-40.0 Y = 8.041X +3.949 1 

lycopene 0.8-20.0 Y = 0.666X + 1.193 0.99 

a Y, peak area; X, concentration 
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HPLC Chromatograms  
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 1.  0 - 10 

 
 

   

 6.06 2 3.67 0.39 

 2.48 1.21 1.27 0 

  5.55 1.68 2.15 1.72 

 5.63 1.87 2.52 1.24 

 9.89 4.87 5.02 0 

 5.13 1.02 1.76 2.35 

 9.14 1.52 1.73 5.89 

 7.70 1.18 1.22 5.30 

 7.57 1.18 1.16 5.23 

  7.33 3.5 3.77 0.07 

 8.0 3.9 4.1 0 

  3.98 - - - 

 -  3-10    

     
2.  10 - 20 

     

 ,  10.48 5.15 5.33 0 

 13.40 1.12 2.5 9.78 

 11.11 2.56 2.97 5.58 

  12.31 2.08 2.54 7.69 

 18.95 7.26 7.21 4.49 

  15.33 0.49 3.81 11.62 



100 

 

  16.82 1.24 2.26 13.31 

  15.61 4.98 5.55 5.08 

 

     
 

 20 

     

 21.5 4.25 4.5 12.75 

     

(   2549,   , 2554) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


